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LBSTRACT

/9679

This 1s an interim report on & development program for the investigation of

structural properties of fiber glass filament-wound preccsure vessels at

cryogenic temperatures.

The following tesks were complcted during the period of the report:

1.

)

AN |

Liner evaluations were continued through the quarter by liquid hydrogen
testing with the 7 1/2-inch dlemeter bLiaxial specimen. A nickel lined
specimen was cycled 250 times at 36% of ultimote (600 psi); a glass
flake-lined specimen lezked excessively at a pressure of 270 psi; &
Myler lined specimen leaked excessively at 300 psi; and an K-Film lined
specimen leaked excessively at 355 psi. Another nickel lined specimen

was cycled twice at 63% of ultimate (1540 psi).

On the basis of the results to date, the metulc appear to shew the most
promicze as integrally bonded liners. Due to its excellent cyellc behav-
for ot 36% of ultimate (-423YF), most favoreble differential contraction
claracterintics, and easlest tnd most catisfactory deposition process,

.

electrodeposited nickel will be used as the liner for the 18-inch diam-

cler pressure vessels,

Initiol design of the 1C-irch diemeter pressure vessecls has been

completed.

Die to the selecticn of a wmetallic liner, considcrable tooling develop-
ment wiis necessary to satisfactorily seal the salt mandrel from the
aqueous depositicn baili. An acrylic laquer cozting made by & repeated
dip-couting opecration aprearc to offer a solution to the problem. Re-
tonling was also completed to rigidize the se2lt-steel mandrel intcrface
to mininize flexural besring-comrression forces during seal coating,

[N |
YRl
i

electrodepncition, and iilament vwinding.

Febrication, testing, and guality control procedures have been finalized

for the 1S-inch diameter versels. A uthor




NOTICES

When U.S. Govermment drawings, specifications, or other data are used
for any purpose other than a definitely related government procure-
ment operation, the govermment thereby incurs no responsibility nor
any obligation whatsoever; and the fact that the govermment may have
formulated, furnished, or in any way supplied the saild drawings,
specifications, or other data is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other person
or corporation, or conveying any rights or permission to manufacture,
use, or sell any patented invention that may in any way be related
thereto.

This document may neither be reproduced nor published in any form in
whole or in part without prior approval of NASA/Lewlis Research Center.
Since this is a progress report, the information herein is tentative
and subject to changes, corrections, and modifications.
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TOREWORD

Tris report was rrerared ty the Douglas Aircraft Company, Inc.,
iilssile and Tpace Uystens Division, under LASA Contract NAS 3-2562.
This investigation was initiated by Lewls hesearch Ceniter of HASA
to determire the structural properties of fiber glass filament-
wound pressure vessels at cryogenic temperatures. The work is be-
inr administered by Mr. James R. Barber, Chemical Rocket -Cystems
Division, ? GA/Levis Research Center, 21000 Brookpari Road, Cleve-
land, Ohio.

This is ~he third quarterly progress report and covers work dore
Letween 1 January 1954 and 31 March 1970h.

Included among those who cooperaled in the research and the vrepe-

ration of the present report were: J. 1. Toth, Jr., Investigation

Director, ¥W. C. Loomis, and D. J. Coltysiak, ~Advance 3pace Technol-
ozy; R. B. Lantz, llaterials Research and Production Methods; R. T.

rfaffenbercer, R&D Tooling; R. Yeaman, Tngineering R -search and De-
velorment Laboratories; and D. W. Yockey, Reliability.

This docunent may relther te revroduced nor published in any form
in whole or in part without the prior approval of HAFA/Lewis Re-
search Center.
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SECTION 1

INTRODUCTION

This document is the third quarterly progress report for Contract Number
NAS 3-2562, sponsored by NASA/Lewis Research Center, Cleveland, Ohio. The
project is a 16-month development program divided into four phases. The
scheduling of the four phases has been arranged to permit the required
"closed loop" between design, test, and febrication.

The Phase I effort includes the orderly investigation and recommendation of

liner materials and resin/fiber glass composites suitable for use with either
liquid nitrogen or liguid hydrogen. Liner materials under investigaticn were
Mylar, Tedlar, H-Film, polyurethane film, glass flakes, and electrochemically
deposited nickel, silver, and copper. Three different resin systems were
chosen for evaluation with S9G4 glass filaments.

Two 18-inch diemeter by 24-inch long filement-wound pressure vessels will be
designed and fabricated for testing with liquid hydrogen.

Twenty 18-inch diameter by 2h-inch long pressure vessels will be fabricated

ir Phase II for testing with either liquid nltrogen or liguid hydrogen. The
fabrication schedule will be paced by the testing schedule since there is a
possibility of revising the vessel design, as the test program progresses, in

order to provide an acceptable failure mode.

The Phase 1II effort consists of burst and cycling tests of small-scale fiber
glass filement-wound pressure vesgels at liguld nitrogen tempersture. The

Phase IV effort consists of burst and cycling tests of small-scale fiber

glass filament-wound pressure vessels at liquid hydrogen temperature.

The objectives of FPhases III and IV are:
1. Determination of burst strengths at -320°F and -L23°F.

2. Determination of number of cycles required to fall the fillament-
wound pressure vessels at 60%, 70%, 80%, and 90% of ultimate

pressure determined in (1) above.



Dt rmination of the tank circumferentisl and longitudinal

streips e a Dunction of vessel pressure for each cycle.

Establishment of the efficlency parameter PV/W, using burst

pressure for P and total vessel weight for W.



PHASE T - LINER AND RESIN SYSTEM EVILUATION

In Fhase I, the objective is to design and develop small-scale fiber glass

filument-wound pressure vessels to contain cryogenic fluids. To reach this
goal, Douglas is conducting en orderly investigation of liner materials and
fiber glass resin composites for cryogenic applications. The materials nnd
processes being used in the smmll-scale fiber glass tanks ure also suitable

for use in full-scale tanks.

During this phase, liner compatibility and material propertles have been de-
termined by means of test coupors and small cylinders. The properties of
the liner ard fiber glass include tensile yield and ultimate strength, modu-
lus of elasticity, ultimate elongation, cyclic resistance, coefficlent cof
thermal contraction and density. The permeability of the liner to gaseous
nitrogen and hydrogen has also been determined. On the basis of information
obtained during the previous two quarters (references 1 ard 2) and this
quurter, the following materials have been chosen, with the advice and ap-
nrroval of the NASA/Lewis Program Menager, for fabrication of the 18-inch
diameter by Zb-inch long filement-wound pressure vessels (two such veesels

in Thase TI):

Liner: 5 mil (0.005") electrodeposited nickel - Electroforms Inc.

E510 Grude 1
Resin System: Bakelite ERLA 0510/Bakelite ZZ10803.
Fiber Glass: Owens-Corning SY99L/HTS Fiberglus.

Adhesive System: Narmco T343/7139.

.1 LINER MATERIAL INVESTICATION

A11 of the liner materials have been tested as coupong and results ere reo-

ported in the First Quarterly Progress Report (reference 1).

¢.1.1 Mecuanical Properties Tests

A11 uniexial coupon testing has becn completed (reference 1).



£.1.0 Coefficient of Thermal Contraction

A1l coefficient of contraction testing has been completed (reference 1).

2.1.3 Cyclic Tests

Cyclic testing with the 7 1/2-inch diumeter biaxial test specimern wms con-
tinued during the third quarter. Testing with this specimen provides for
complete evealuation of a candidate liner materisl under siress at the de-
sired cryogenic temperature, subject to rerrecentative internal pressures
using liguid nitrogen or licuild hydrogen as the pressurizing medium. All

testing to date has been with liquid hydrogen.

A burst test at an internal pressure of 1€L7 psi had been made during the
secord quarter with & 5 mil electrodeposited-nickel liner (CFV3-1h'). Other
tests with Tedlar (SFV1-13) and KH-Film (£PV1-2C) lined specimens chowed high

lcakage for these materials at 1tk psi and 388 psi respectively.

A S mil nickel lined specimen (SPV3-16), figure 1, wus cycled 250 times at
€00 epi (spproximetely 3¢% of Qtimute). There was 1o apparent gross leakage

durirg the test. Subseonent examination revealed neither buckles nor wrin-
¥

=

ies; however, 8t one spot, cold gas appeared to huave gotten between the
liner and wall and upon heating to smbient temperature, "popped" a portion
of the lirer, figures 2 and 3. Precsurization rate corresponded to an ap-
proximate strain rate of 2.2%/min., Mechenicel properties data for the

specimen is given in Cection £.2.3.

A glasg flake lined specimen (spve-¢) was cycled 8 times. However, leakage
was so bacd that pump pressurization to the desired 600 psi was impessible
and a helilvm ges boost was uced. Respective pressurization points for cach
cycle are shown in figure L. Pressurization rates of 1.0%/min and 7.61%/min
resvectively. Figures 5, €. end 7 show the enpearance of the liner after

*he test. Mechanical properties data for the specimen is glvern in Cection
pProy v

A Mylor lined specimen (JPV1-17) was cycled four times. The helium boost

had to be used nguein slnce the pump could not handle the excessive leukage.
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5 Mil Nickel Lined Specimen (SPV3-16)
After 250 cycles at 36% of Ultimate

FIGURE 3
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Pressurizetion points far ench cycle are shown in figure £ Strain rute

= nf
ycle Are snown riga reln es C1

2.6%/min nnd L.2%/min were cbteired. The liner was badly cracked in both

the hoop ond longitudinel directions ms can be sern in figures 9 and 10.

It appears that the Mylar elongaticn data reported by Mowers (referernce 2)
was not representative of the material used for this prolect. Making Into
consideratlion the conrecticn and chilldown straing, an ultimate precsure of
1000 psi and 60% cycling pressure of €00 psi would heve bLeen realized. Using
the Mylar data of this project, which hed been considered suspect, the pre-
dicted liner failure would have cccurred at 2US psi. The liner actugl)y
leaked excessively at 300 psi. Mechanical propertics dats for the stecimen
1s glven in Dection #.2.3.

An H-Film lined specimen (CPV2-£1) was cycled three times with 2 helium

boost. The cspecimen leuked excessively at a maximm pump presesure of 305
rsi. The pressurization histery i{s shown in figure 11. Fressurizaticn
strain rates for the pump and helium were 1.1%/min arnd €.9%/min respectively.
The liner was bedly cracked, sr can be zeen in figures 12 and 1. (A previ-
ously tested H-Film specimen (3PV1-20) leaked excessively at 388 psi. Barely
discernible cracking was evidenced with that'specimet.) Mechanicel proper-

ties data for specimen SFV2-21 is given in Section 7.20.3.

A

An attempt wrs made to ecycle a 5-mil nickel lined specimen (spPv3-€) at 1000
181, which represents approximately 704 of ultimate burst presgure., Iump
pressurization was inadequate to reach 1200 psi. The spevimen was rechilled
and the helium boost wes used; the specimen went thrcugh two cycles to 1200
psi. The specimen failed at the peek of the second such cycle. It wus dis-
covered later that the wrong calibraticn factor had been npplied to the in-
strument used to mcnitor the pressure and the last two cycles were to 1540
psi ruther than the desired 1200 psi. The pressurization hlstory ie shown

in figure 14 und the failed specimen in figure 15. Pressurization strain

B /
. R Nt (L a1
r2tes Tor the pump and hellum were 3.2%min and 1

e
[
]

Mechanical properties data is given in Section 22.7.7.

Tables 1 and 2 summarize the testing to date of the biaxitl vessels and liner

behavior., As cen be seen from Tuble 2, no polymer has becn capable of

o
o]
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custaining a oad higher than 25% of the ultimate strength of the bilaxiul
cylirder. Tuble 3 shows the status of the 7 1/2-inch diameter biaxial

specimens Tabricaied as of March 31, 1964,

Or. the besis of the results to date, metsallic liners appear to show *‘he most

romise. Due to its excellent cyclic behavior at 36% of ultimate, mos*
P

favorable differential contraction cormpatibility, «nd wmost favorable deposi-
tion characteristics of the three metallic candidates, electrnderosited nickel

will be used as the liner materlal for the 1&-inch dlameter pressure veseels.
.2 FIBER GLASS/RESIN COMPOSITE IXVESTIGATION

Three rezin cystems were selected for evaluation during the course of the
project:  FRLA 051072710003, FFI-REZ $10-50L0/FFT CURE ¢ll, and FFI-REZ
§101/:2CO it

- . .

Prelimin

N

ry results (refererce 1) indfcated thet EFLA 0510/2ZL0G03 weuld be

(4

-t

n0:st sulteble for the initial bilaxial liner screening tests. 411 of the

7 1/0-inch dlemeter blaxial specimens have been fabricated of this resin sys-
tem nné 09k glass fibers. Beced wpon the oreliminary dsta snd experience in
handling this resin system, ERLL 0510/2ZL08073 has beer chosen, with the ad-
vice and arrroval of the NASA/Lewis Program Manager, for use in fabriecating

the 18-inch diumeter pressure vessels.

It wes reported from a recent filament wind!ng conference that the HG finish
caused a degrudation of the glacs if not fully orotected from rnvircenmentsl
conditions. Oince all of the glags in this project utilizes HYS {inich ard
much of the material wis cn hend, & quelity control check wus mede to ascer-
tain any deteriorution of the stored materiul. Compariscen of six glans
spoocls revealed no apparent degradatior of the material tetween the criginal
quality control check in Sentember, and the recent check in February., 211 of
the meteriul for this project is stored in a well semled box, which contsinsg
a deslccart.

0.2.2  Uniexial Cyclic Tests 1t Cryogenic Temperatures

This work was completed during the first gquarter (refererce 1).

n>
At




TABLE 3

7 1/2-INCH DIAMETER TEST SPECIMEN STATUS

SPECIMEN NO,

SPV1-1
2-1'
2-2
1-3

3-4
1-5
2-6
1-7
3-8
2-9
3-10
1-11
3-12
1-13
2-1k
3-14!
1-15
3-16
1-17
1-18
2-19
1-20
2-21
2-22
2-23
1-2k

*Febrication as of 3-31-6h

LINER

Mylar

Mylar

Silver
Polyurethane

Nickel
Tedlar
Copper
H-Film
Nickel
Glass Flakes
Polyurethane
Nickel
Tedlar
Tedlar
Nickel
Nickel
Mylar
Nickel
Mylar
Polyurethane
Copper
H-Film
H-Film
Polyurethane
Polyurethane
Silver

STATUS

Demaged-available
Tested
Tested

Tested uninstrumented
burst

Tested
Tested
Aveilable
Available
Tested
Tested
Tested
Tested
Available
Tested
Ruined
Tested
Available
Tested
Tested
Available
Available
Tested
Tested
Available
Available
Tested
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ical Iruperties and Cyclic Tesis

Mecharical propertles tests ere teing mede of the selected materialg using

> B

the 7 1/7-irch diameter biaxizl test specimen. This svecimen permits com-
plete eveluation of the resin/fiber plass svetem under conditicns of actunl

use in the vessels; i.¢., resin streins und crecks in two directiors.

£11 tests are performed in the vacnmm test chamber. Messuirements are made of
pressure, hoop elongation, and lengitudinal elongation. Hoop and lorgitudinal
rlergations for the nickel lined specimen SFV3-16 (250 cycles) mre shewn in
tirures Jo and 17. As cen be seen, & set is intreduced into the structural
w2ll and the modulus increases with increasing cycles. No sattempt hars been
mede to reduce the drtu to & stress-ctrain diagram due to the comelicaticns
determining the liner s trength, which probably has chenged and ei“her be-
come hisher (strain hardening) or lower (Deuschinger strein softening ) due to
the prestraining end recyeling into the plastic rerions. An exeminztion of

vertinent literature (refe erences 4 through 10) hac revealed the complexity of

Loy

rrediciing the structural behavior of the m:.terial; addition of the cryogenic
cnvirormert creetes further complications. Smith, et al (reference 11) re-
port that "(low ard intermediate life range) cyclic siress-strain relations
have been established nnd are - - - - subctantially different from the virgin
tensile data - - - -, - . - . fair correlaticn wae obtained between the de-
#ree of eyelle strein hardening and softening (at ambient tempersture) :nd the

-

ratio of ultimte strength over (0.24) yic)d strengtl.. Hardening ~lwmrs took
place wher (the) ratio exceeded 1.4 and solitening occurred wher the ratio wns
less than 1.2." The uniaxial tensile dsta for clectrodeposited nickel {(refer-

ence 1) at -L23°F gives the ultimate strength/0.2% yield strength as 1.22.

Strecc-strain dlagrems for the glass-tlakes lined speclmen (SPVR.C), Myler
“A" lined specimen (5TV1-17), end H-Film lined specimer (SIVo-21) are chown

in fipures 18 though 25. Liner strengths have becn subtracted on the tesis
of loading from un unstreined conditicn for cach cycle. Hoop elongations for

the nickel Jined cpccimen $PV3I-8 is shown in figure 36. The two cycles at

<

DY

3% of ultimete agree with the predictions, which were based on embient tenm-
rerature dota, of Yourg (reference 1£), and Wolff snd Siutz (reference 13),

and Pattersen (reference 1L), figure 27.
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To esteblish a performance standard and cholce of electrical resistance
strain gages for work with the 18" diumeter vessels, an electrodeposited
silver lined specimen (SFVC-Z) was instrumented with two types of selected
electrical resistance strain gages, Type No. SL20 and Type No., CXX-620 gages
made by the Budd Ceommany. Six gages were installed on the specimen. In
addition, the normally used hoop and four longitudinel mechanical deflection
gages were installed for correlation of the data,

The specimen was pressurized at liquid hydrogen temperature. Four cycles of
approximally LG psi, 245 psi, 582 psi, and €95 psi resvectively were made.
Liguid hydrofen waus used to initially pressurize the srecimen on all four
cycles: & hellum beost was reguired on the last two cycles. The gages were
bonded to the flber glass structursl wall with Nermco 73h3/7139 polyurethane
adhesive. Ixumination of oscillograph data indicated complete loss of the
gage circult upon lnitial pressurization with most of the gages and the re-
maining gages were erratic in strein indication. BReascnably sccurate results

. . . N S P : P T Y I'd C oy e T e . Cr-. Yy uewser Wi
were expecied to strains of liz»(remiex.‘ et 15-17 ) Lub such wag noi lhe cacc.

The vacuum chamber which was used for the 7 1/2-inch diamater by 20-inch long
filament-wound test cylinders will also be used for testing the 18-inch diam-
e¢ter by 24-inch long pressure vessels. Rework was required, (1) to pemmit
proper locaticn of new deflection gage points, and (2) to better seal all in-
terlor fittings in order to held the vacuum for insulation purpcses and
1dentification of vecsel failure. In addition, the trunsfer faciiities have
been reworked ard vacuum jJacketed. Installed cryogenic pump is shown In

figures 38 and 39. The test schematic is shown in figure 4O.

The 7 1/C-inch dicmeter cylinders ere sealed, using & mechanical indentation
technique to lock the liner, backed by the Tiberglass flange, against the
test plates. This method has sealed theee specimens sufficiently to perform
the tests required to date. One disadvéntage of this seal is thet when the
mechanical seal is effected, the lirer is deformed. The sealed specimen can
not be reeealed relianbly if the secal should be removed for an internal
inspection. A more important diradventage is that leakage causes loss of
chamber vacuum ond as & consequence both inéuiation and chamber pressure in-

dlcaticns are lost; loss of insulation causes exceesive boil-off in the test
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specimen ard associated piping with attendant subsequent chilldown znd
pressurization problemg, and loss of chamber pressure indicatlion mekes it
impossible to determine the point of liner/shell failure for anything other

than catastrophic failure.

To provide a better seal for the 18-inch diameter vcssels, discussions were
held with personnel at the Cryogenic Engineering Laboratory of the National
Bureau of Standards. Their recommendations have led to the evalustion of a
sleeve confined O-ring design (figure 41). Resealing is possible with only
the insertion of a new eleastomer O-ring. Testing has been done with a 3"
diemeter cylinder, which was fabricated exactly s the integral vessel end
fittings. Verious size O-rings have been tested at -320°F. A fabrication
defect 1n the test cylinder has prevented making & positive selection a2t the

present time.,
2.3 18- INCH DI/METER VESSFEL DESIGN AND FARKICATION

2.3.1 Design

The geodesic-ilsotensoid dome shape has been determined as outlined by Read
(reterence 18) and additioral information for geometrical properties h:s been

detailed by ctone (reference 19).

A rational method for selecting filement strength and calculating wall
strengths has been reported by Darms (reference 20) and has been followed for

this program.

The integral end fitting design has been governed by providing a smooth tran-
sition between the shell and titting and the need to put the tuapered edge of
the fitting beyond the dome inflection point.

V]
)

3.2 Tooling

2.2.2.1 Handling Fixtureg

The handling fixtures for transporting the mandrel within the plent were
adapted from existing fixtures. Two shipping containers used to transport the
mendrel to the Vendor have been designed and fabricated. Three small foam-

cushioned cradles used to handle &nd transport the completed vessel from the

.
o
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fabrication area to the test 2rea have been bLuilt. All handling, storage,

and transportotion fixtures are wvailabie,

2.3.2.¢2 Salt Mandrel Hardwire

Criginally, three mandrel shaft unils were fabricated for this progrem by
mod: fy"ng on existing 18" diameter by 24" long filament-winding salt mandrel
st.aft design. The mandrel shaft unit consists of an outer shart which elides

on an inner sheft.

End-vitting mandrels were decigned and fabricated to slip over the endes of
the shaft and butt against the salt to provide a continucus surtace fcr the

depusition of the electroformed liner.

The interface betwcen the end-fitting mindrel and mandrel shaft is sealed
with zinc chromate. At the joint of the salt and metal mandrels, an acetone

T Y e D4 s -~ sy s . PRI N . o 5
bered body putty (Macon's surfacer) is used to fill the goint. This body

rutty 1s hand-sunded smooth to chape.

On the first altempt to seal the outer shaft, inner shaft, salt cesting, and
end Titting mendrel combination, the end fitting mandrels, which are mounted
directly to the inner shaft, moved at the salt interface whrnever the inner
shaft moved in flexure, This damaged the zenl at this Joint, and lesks be-
came evident during the water soak tests. Therefore, the chafts were reworked
to provide a stiffer support. Thls was accomplished by lengthening the outer
shaft te the length of the inner shaft. The new shatts were completed within

o week.

Three sets of outer ond inner mendrel shafts and end-fitting mendrels have
been completed. The shafts have been designed to fit salt slush molding fix-
wure adapters, the sealing fixture adapters, and the filament winding machine

adapters.  All the adapters are availeble for this use.

The slush-molding equipment used to cast salt mondrels is used without

modification,



Mandrel terial #005: Cracked during initial fabrication. This mandrel was

cast only. No machining was cccomplished.

Mendrel Serizl #003: This mandrel wus cast while investigations were continu-

ing on #001. Due to the redesign of the shaft, and appeérent inability of #003

to work, the call was removed from the steel shaft.

Mandrel Serial ;00L: This will be the first mandrel cast on the redesigned

stif{ shafting.

2.5.3 Vesggel Fabricotion

A wooden praciice mundrel machined to the shepe of a lined salt mandrel hes
been preparcd with scribed geodesice paths. This mandrel has been used to de-

velop the proper shupe for the cams used to control the winding amm.

Also tected with Lthe wooden mandrel was an advanced impregnaticn-tension device
installed on the winding machine. The tension is not applied to the rovings

until after impregnation. Impregnation is done in a small dip tank.

Ceveral complete helical cycles were wound on the wooden mandrel using four
cpoocls of 12-end S99h/HTS Fiberglas, and ERLA 0510/2210002 room temperature
curing epory resin. Thece wrnps were nllowed to cure and inspected closely.
£s a result of these exercises, the new and old winding equipment is compatible

and the operator trained,

56




2.2.0.4  Selt Mandrel fealing

Due to the selection of & metallic liner, the problem of effective salt seal-
ing had to be solved. The previosus Douglas IR&D program had shown the feasi-
bility of the process, but bLetter results had to te obtained for a quality
product., Using small salt scmples, an effective seel has been made. Smooth-
ing o1 surfece pits with a high temperature wax has been excellently accom-
plished. The sesling investigstion wes made with both & spray and dip opera-
tion of (1) PVC (polyvinylchloride), and (£) an acrylic lacquer. The spray
method did not provide en adeguate seal. The dip method worked with both the
PVC and the acrylic lacquer, when subjected to the test cnvironment--l850F
agueous bath for two hours. The acrylic lacquer is uced for the 18-inch
dizmeter vessels since it bonds to the salt better than the PVC. A full size

18" diameter salt mandrel was uscd to optimize the dip coat operation.

~fter being mnchined the mandrel was dip coated with a 50/50 acrylic/acetone
mixture. This was washed off und a 20/80 &crylic/acctone coat was applied by
dipping 1/2 way and rotuting by hand. This deposited a coat approximately 1
mil thick with 4 mil waves. After installing a motor tc rotate the mandrel
and exercising precise rotation control, the waves disappesred. The rotetion
used was in the range of 12 RPM. This cout wes left on and two 25/75 acrylic/
ecetonie dip coatings were applied. This applied a8 seal coat of zapproximately
3 to 5 mils. This is the procedure used to seal the salt mandrel. A small dip
tank is avallable und uced in conjunction with the slush molding Tixture. A
water submersion test 1s the finel acceptance test for the scaled salt muundrel

aceembly.
2.3.2.5 Fabrication of Salt Mandrels

“zndrel Serizl #00l: The mundrel was cast and machined to size. It was sealed

with 3 dip roats of an acrylic/acetone mixture which built up & 5 mil thickncss.

Due to the siltfness problem mentioned in 3.2.2, and due to excessive handling,

h 4y —cn T ana ) P B T . L N N TP
At l’ LIl Ciluilcd LLVU.‘LUPE’M S ALT DA VT
pinholes znd lcaks. The wandrel had been exposed to seversl thermal cyclces
from storige in the oven and ceversl water beth seal tests. Mandrel #001 was

scrapped.




PHRASE II - FABRICATIGH

SECTION 3

OF SMALL-3CALE PREZSSURE VESSELS

The objective of Phase
wound pressure vessels

tanks will be dcsigrned

II 1s to fabricate 20 cmall-scale fiber glass filament-
for cycllc and burst testing at --20°F znd -423°F. The

for a nominal proof pressure of 500 psi and & nominal

burst pressure of 600 psi. To provide the desired mode of failure, the design

v

may possibly have to be revised during the focbrication period: therefcre, the

fabrication is set up on an intermitient production schedule.



SECTION L

PHASE III - STRENGTH AND CYCLING TESTS AT -320°F

The objective of Phase III is to determine the ultimate strength and cycling
capability of 10 small-scale fiber glass filament-wound vessels at liquid
nitrogen temperature. In any pressure vessel design, it is necessary to
know the maximm pressure the vessel can withstand and how many cyclic
loadings can be applied at a given stress level. Ultimate pressure capa-
bility is self-explanatory. Cycling tests are important in any evaluation
of filament-wound pressure vessels with liners because differences in strain
characteristics of the resin/fiber glass system and the liner material may

cause ultimate failure of the system.

Girth and longitudinal strain measurements are necessary for evaluating the
tank and liner during cycling tests and for collecting meaningful data. Of
equal importance is the measurement of gas content into the burst chamber
during the tests, because this measurement will be an indication of liner

breakdown under cyclic loads.

Phases III and IV of the proposed program call for testing the 18-inch dia-
meter x 2U-inch long vessels manufactured in Phase II. Liquid nitrogen is
to be used as the pressurizing fluid in Phase III, while liquid hydrogen is
used in Phase IV; other than this, the two phases are identical in proof

pressures, pressure cycling requirements, and data to be obtained.

At this point of the project, work in this phase is that reported under

pertinent discussions in Section 2.2.3.
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SECTION 5

PHASE IV - STRENGTH AND CYCLING TESTS AT -423°F

The objective of Phase IV is to determine the effect of -h230F on the ulti-
mate strength and cycling capability of 10 small-scale filament-wound fiber

glass tanks. The data sought here is the same as in Phase III.

As stated in Section U4, the only difference between the test procedure of
Phase III and Phase IV is that Phase IV uses liquid hydrogen rather than
liquid nitrogen. The test set-up and instrumentation will be used without

any changes.

At this point of the project, work in this phase is that reported under

pertinent discussions in Section 2.2.3.
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SECTION 6

RELIABILITY/CUALITY ASSURANCE

6.1 VENDOR CONTROL

L meeting was held with the electrodeposition vendor early in January. The
vendor was very cooperative and gave every indication that he will comply
with the project reauirements. Further informal contacts with the vendor

showed that he considerably improved his quality control procedures.

In March, Quelity Engineering performed a follow-up quality standard and proc-
ess control survey of the vendor. This survey indicated that the electrodede-

position vendor has met the rcguirements for this contract.

Due to previous scatter in the reported elongation values of batches of elec-
trodeposited nickel by the vendor end the date obisined from coupons of the
zime htateh by Dowelss, n cliose exemingtion of the test procedures of Loth
coupanies was made. As & result of this examination, Douglas testing of a
remple batch of electrodeposited nickel using Electroforms Inc. size ard shape
tensile specimen, &and careful machining of the specimen to size, produced data

in the ssme magnitude as Electroforms Inc. data; i.e.,

18% Elorgation (Douglas)
17% Elorgetion (Electrofoims Inc.)

102,000 psi MNtimate (Douglas)
100,000 pei Ultimate (Electroforms Inc.)

’

A meeting was held with the vendor, representatives of Douglas, and the NASA
Project Menager in Mzrch to further inform the vendor of the interest in his

qualilty and process centrol.
(.2 MANUFACTURING INSPECTIONL

Cloce limison Letween manufacturing, inspection, =nid cngineering has reculted
in realistic and deteiled inspection check points during the fabrication of
the 1&" dlameter rilsment-wound pressure vesrsel. These Inspections will be
reccrded on the Fnbrication Outline (FO) for each vessel snd become a part of

the permanent record.
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SECTION 7

OUTLIFE OF WORK I'OR NEXT QUARTER

The work expected to be completed during the third quarter of the program

is listed below:

1. Two 18-inch diemeter pressure vecsels for Phase I will be

fabriccted and tested at -423°F,

nD

Phase 11 fabricaticn will cormence.

Z. Phese 1I1I and Phese IV testing will commence.

(<,

o]
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